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Civmec, an Australian heavy engineering steel construction firm interests in integrating 
renewable energy (RE) systems, specifically photovoltaic (PV), wind, or a combination of 
both systems. The challenge is that there is not a lot of industry experience around the world 
in the integration of RE in its business. 
The RE system is simulated through the Hybrid Optimisation of Multiple Electric 
Renewables (HOMER™) software and is validated using literature, Excel spreadsheet 
calculations, and RET Screen™. The system design results identified four different RE 
system configurations, which were wind-only, PV-only, PV/battery hybrid, and 
PV/wind/battery hybrid systems.  
The economic viability, as well as the electrical generation performance of such systems, are 
investigated through the HOMER™ software, with validation using Renewable Energy 
Project Analysis Software (RET Screen™). 
The findings suggest that a PV-only system would be the preferred system. This system has 
the lowest initial cost and a reasonable payback period.  A similar system already installed 
in the Cockburn Aquatic Recreational Centre (ARC) leisure centre building with a 1 MW size.  
A system with wind turbines is not suggested as it requires higher initial capital and longer 
payback period. In addition, a system with batteries is not recommended due to safety 
concerns. 
It was identified that this system is the more socio-economically feasible, but in the end, the 
consideration of paying the less initial cost and recouping the return on investment faster 
made the decision of going PV-only. The proposed system is 1 MW in size since for a larger 
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1.0 Chapter One: Introduction 
 
Civmec, an Australian heavy engineering steel construction firm 1s interested in integrating 
Renewable Energy (RE) systems, specifically PV, wind, and a combination of both methods. 
Upon discussion with Murdoch University, this study was put forward to investigate the 
feasibility of integrating RE by performing a techno-economic assessment of RE systems 
combined with Civmec’s operations. 
The project relies on current market data and data that has been provided by Civmec, and 
the Australian Marine Complex (AMC). The utilisation of the HOMER™ software is also 
explained in this project, as it is the primary program for simulating the different RE 
systems, and investigating its economic feasibility. 
The project is structured into four different stages, which were: 
 Stage one – Data and input assumptions: where the available data is processed and 
validated 
 Stage two – HOMER™ software optimisation: where the different configurations of 
RE system are investigated, and its economic options 
 Stage three – Comparison of the HOMER™ results with other software approaches 
such as Excel spreadsheet, and RET Screen™ 
 Stage four – Choosing the best RE system, identifying limitations, and presenting 
the findings of the project 
This thesis will identify and develop strategies to reduce current energy usage patterns in 





The project aims at techno-economic assessment of the integration of RE technologies into 
Civmec’s operations. The objectives include the techno-economic assessment of wind 
energy, PV systems, RE systems with storage, and hybrid systems around wind, PV and 
batteries. 
This thesis includes six chapters. Following the introduction is Chapter 2, where a literature 
review around the research’s topic question is done. It introduces Civmec as a company, the 
literature around wind and PV feasibility studies, financial agreements in exporting power, 
and battery storage. Chapter 3 then goes on the methodology of this project, which includes 
HOMER™ energy software steps, and the input assumptions. Chapter 4 brings the results 
of the project, where the HOMER™ optimisation results are shown. Chapter 5 is the analysis 
and discussion of the project, where the results from the previous section are discussed, the 
outputs being compared with other methods of analysis, and the project economics is 
investigated. It also describes the limitations of study encountered. Finally, Chapter 6 will 






2.0 Chapter Two: Literature Review 
Chapter 2 will investigate the current advances in literature around the project. The overall 
aim of the project is to examine the feasibility of integrating RE, correctly by performing a 
techno-economic assessment of the integration of RE technologies into Civmec’s operations. 
The chapter will address what the market around Civmec’s operations is currently doing in 
terms of RE, the current resources available to conduct a techno-economic assessment of 
RE, financial agreements around energy trading, and current battery technology advances. 
The objective of this literature review is to provide a foundation of RE techno-economic 
assessment for companies such as Civmec, with some case studies, and other relevant 




2.1 Civmec Company Profile  
 
Figure 1 Civmec Corporate Structure [37] 
Civmec is an integrated multi-disciplinary heavy engineering and construction provider. It 
caters to the four industries shown in Figure 1, which are oil & gas, metals & minerals, 
infrastructure, and marine & defence. The company have been in operations since 2009 up 
to the present. Civmec has reached the outstanding heights in the company’s success, with 
growing to 690 permanent employees across Perth, and Newcastle in Australia. Along with 
the employee growth, Civmec also has access to 827,000 m2 of land, including an extensive 
undercover area of 44,100 m2 in the Australian Marine Complex. Some of the most 
prominent contracts that Civmec have secured include Ichthys LNG and Varanus Island 
contract, Amrun, Grueyere Gold, Pinjarra Alumina, the Pilgangoora Lithium Plant Projects, 






A company in the size of Civmec requires continuous and high electrical load demand due 
to the energy consumption of their business. Currently, Civmec is still drawing power from 
the grid. Their load profile relies heavily on the current projects, which includes heavy 
engineering tools that has high energy demand. Steel manufacturing is one of their principal 
business, and it involves much energy on a day-to-day basis. This project was put forward to 
tackle this ongoing cost with renewables, specifically solar and wind power. 
 
Two RE technologies are being considered for the design, which is wind and PV. As wind 
and PV energy have the highest growth rate in RE (excluding hydro), the following sections 
will look at examples of how these technologies have been used to provide power to 





2.2 RE in the Manufacturing Sector 
Manufacturing industry covers many areas. It has been defined as companies that are 
involved in the mechanical, physical, or chemical transformation of materials, substances, 
or components into new products [1]. Areas include: 
 Food and beverage 
 Textile 
 Apparel and Leather 
 Wood  
 Paper 
 Petroleum chemical 
 Plastics 
 Non-metallic minerals 
 Primary metal 
 Fabricated metal 
 Machinery 
 Computer and electrical equipment 
 Transportation equipment 
 Furniture; and 
 Miscellaneous manufacturing  
This thesis focuses on the primary metal and fabricated metal industry as they are directly 
related to Civmec’s operations. Solar and Wind energy technology are the most promising 





from India’s Ministry of New and RE found a potential of 897 Gigawatt (GW) of RE, as 
broken down in Figure 2 [2]. 
 
Figure 2 India's RE potential breakdown in GW [2] 
As shown above, solar has the highest potential with 84% followed by wind with 11%. 
Moreover, the future of RE is ensured by the backing of private investments, as well as 100% 
foreign direct investment allowable in RE. They have also continued with a target of 175 GW 
of RE implemented over the next five years [2]. 
Moving on to other similar companies in Sweden, their challenge in sustainable energy is 
identified as to improve the energy and resource efficiency, and mitigating greenhouse gas 
emissions without sacrificing competitiveness. They have determined that for the industries 
alone their energy contributes to 38% of the energy demand, which equates to 151 Terawatt 
hour (s) for 2008 [3]. Regarding the iron and steel industry emissions contribution, in 
Sweden, it was found to be 6.6 Million Tonnes (Mt) or equivalent to 33% of the total industry 

















to the motivation for RE so that companies can be less energy dependent and it is considered 
‘cleaner’ energy. In another case study, two Swedish steel companies were looked at, which 
were SSAB and Sandvik AB. SSAB is a global steel company that produces Advanced High-
Strength Steels and Quenched & Tempered Steels, strip, plate and tubular products, and 
construction solutions [4]. Their top 3 plants in Sweden, Finland and the US have an annual 
steel production of 8.8 Mt with a workforce of 16,000 employees spread over 50 countries 
[4].  In SSAB there are two paths for steelmaking: iron ore based (integrated steelmaking) 
and the scrap—based (secondary steelmaking) [4]. Electricity usage, in this case, were 
mainly for melting scrap in the electric arc furnace (EAF), heating, and the rolling mill. This 
process of steelmaking does generate large quantities of surplus energy, especially heat [3]. 
As defined in their LuleKraft AB combined heat and power (CHP) plant, their processes have 
71% total plant efficiency, with 28% energy efficiency [7]. It adds to the motivation of 
introducing RE to improve these efficiencies. Sandvik is a high-tech global engineering 
Group with 43,000 employees with the primary operations of tooling systems for industrial 
metal cutting, equipment and instruments for construction and mining industries, and 
advanced stainless steels and special alloys as well as products for industrial heating [5,6]. 
In this company’s case, a motivator for them to produce excess energy is through the 
Swedish electricity certificate. The electricity certificate would not only drive power 
production from excess industrial energy economically, but also contributes to RE power 
generation, through the means of solar energy, the wind, water, and biomass.  These 
companies could even look into the process of electrolysis of iron ore using RE, which is an 
environment-friendly steelmaking process [3]. Regarding energy conservation measures for 
the German cement industry, energy costs contributes to 30-40% of total production costs, 
with the plant operators putting their concerns in energy efficiency from an economic point 





Another country in perspective in their steel manufacturing is China. China’s population has 
enabled them to generate and manufacture goods from around the world. The steel industry 
is no different. With data recorded in 2006 of China’s expansion of crude oil production of 
418.78 Mt, it is no surprise that Chinese steel manufacturers are one of the significant 
players in the global steel industry. It translates to a 34% of the global steel manufacturing 
market, but it all comes at the expense of the environment. The steel sector in China 
contributes to 14% of the national total wastewater and gas, and 6% of solid waste materials. 
Its energy usage is 15.2% of the national energy [9]. The energy usage mix in the Chinese 
steel industry is 69.9% coal, 26.4% electricity, 3.2% fuel oil, and 0.5% natural gas, as shown 
in Figure 3 [10]. 
 













Regarding the iron making, it contributes to 70% of total process energy consumption [9].  
While Chinese steel manufacturers produce large amounts of steel, their processes are 
known to be inefficient. The official number estimated to be 20% less efficient than other 
countries [9]. China’s points of emphasis are in the steel industry restructure, and 
equipment capacity increase that follows the fast-paced modernisation [9]. It was also 
reported that in the 30-year period (1980-2010), the global production of steel has doubled 
[11]. There are some long-term projections for the steel industry. Currently, scrap-based EAF 
is involved mainly in the United States of America (USA) and Europe and countries like 
India and China opting for the traditional blast furnaces (i.e. Basic Oxygen Furnace). The 
number for EAF in the USA and Europe is currently at 75% and 66% respectively, but it is 
projected to decline to about 60% to 50% by 2050. Globally, EAF’s share in the market for 
steel production is around 40% [11].  
There is also the debate on whether the use of RE will improve energy efficiency in business 
operations. In 2011, the European Energy Efficiency Plan [38], stated that energy savings 
have a crucial potential in buildings, and with adequate energy policies in place it could 






Figure 4 Changes in fuel mix in total energy consumption [39] 
Figure 4 shows the trend of the different fuel mixes in Australia in total energy consumption 
in different decades. As we can expect, petroleum is still prominent, followed by coal, and 
natural gas. The key indicator here is in renewables, as it seems that the trend is decreasing, 
although this data is only up to 2009 [39]. A 2013 study in Australia along the lines of 
changes in energy efficiency also concluded that Australia needs to boost its energy efficiency 
investment, and technological breakthrough significantly [40].  These two kinds of literature 
suggest that energy efficiency is a critical aspect of improving energy consumption, and leads 
to renewables. Moreover, this element needs to be pushed in Australia, as the study suggests 
that it is lacking. 
The following sections will investigate the wind and PV technologies literature, specifying 




2.2.1 Wind feasibility studies 
Wind turbine applications in the industry are investigated to review the progress of the 
technology. European countries are the leaders in the implementation of this technology, 
specifically Germany and Denmark. Germany has this initiative, described by the term 
“Energiewende”, which was introduced in a political debate in Germany in 2011 following 
the Fukushima incident with the intention of renewed exit from nuclear power [36]. It has 
been a success as Germany strives to replace nuclear power with renewables by 2022 [36]. 
In Denmark, 20% of their electricity is to be supplied by wind power by 2030, where the 
present wind power capacity of 3 GW is to be doubled by 2030 [20]. It can be seen that from 
these two implementations of wind renewables, it is possible to implement the technology, 
although there are no clear-cut indications of steel industries utilising the wind resource. 
2.2.2 PV feasibility studies 
Current market solar power plants are considered to understand the progress of RE 
technology. India also has a target under the National Solar Mission, of having 20 GW 
cumulative installed capacity by 2020 [16]. The panel’s tilt angle is kept at a latitude angle 
to gain the maximum solar radiation [17]. The power plant utilises PVsyst to estimate its 
performance [18]. Solar GIS is the geographic information data that is being used due to its 
design that meets the solar industry needs [19].  
Another case study is conducted in the EU, specifically in Denmark. The EU has proposed a 
target of 20 % RE integration by 2020. The Danish government have gone an extra step and 
introduced their own goal of 30% for the year 2025. Currently, their electricity production 
is mainly through CHP, which contributes to 50% of power generation [20]. The primary 
challenge of RE is that the electricity generation is still intermittent, and integrating this 





is to incorporate these technologies into the transportation sector [22]. There is also another 
proposal for the year 2030 by the Danish government, with the introduction of 700 MW of 
PV power as one of the targets. The project also extends to 2050 with a goal of 100% RE by 
2050, with 23 Petajoule of electricity from renewables (the wind, wave, and photovoltaic) 
[20]. 
Another excellent example of installed PV systems is the recent completion of the Cockburn 
ARC building, that integrates 1 MW PV system, Western Australia’s most extensive PV 
system to date. The investment is established through Solargain, with an initial investment 
of $ 2 million. The system is expected to generate 1550 MWh per year, and with a total 
estimated average electrical load of 4630 MWh, it means PV would supply about 33.48% of 
their full load annually. [42] 
Information about the renewable resources in the area will be required. NASA (National 
Aeronautics and Space Administration)’s POWER Project database is one of the resources 
used and is fully described in the next section. 
2.2.3 NASA’s POWER Project 
There are vast amounts of research and databases that can be utilised. Nasa’s POWER 
project is one of them. The POWER Project was started to improve the SSE data sets while 
adding new data sets from new satellites and forecast modelling data [12]. The NASA 
POWER project database provides global minimum and maximum temperatures and other 
weather variables on one ° latitude-longitude grid. With data from over 23 years of global 
coverage and are still continuously being updated, the POWER projects offer telemetry from 
satellite imagery, ground observations, wind sondes, modelling, and data assimilation [13]. 
Hoogenboom et al. made a comparison of the POWER data with 855 individual ground 




scale compared to the daily range. The author should also suggest that after comparisons, 
the POWER datasets could be improved by adjusting for elevation effects, reducing seasonal 






2.3 Financial Agreements of Exporting Power 
Structures on how financial arrangements are arranged are still in a grey area, and there is 
some literature to tackle this problem. However, it is not official in any form of governing 
bodies. It is a viable option for energy trading, as the grid charges a high 25 c/kWh when 
firms are short in power, but when they do have a surplus, they can sell it only for 6 c/kWh 
[24]. A mechanism that could regulate the trading of RE is NRG-X-Change. In this 
mechanism, the currency of NRGcoin is used instead of the usual money, with the aim of 
decentralising the currency and the usage of market-based control [25]. As Mihaylov et al. 
[25] have elaborated, NRG-X-Change is a novel mechanism for trading locally produced RE 
that does not match orders ahead of time or relies on an energy market. The process of 
NRGcoins follows the process of mining in Bitcoin, and the bookkeeping is equivalent to 
Bitcoin’s blockchain [26].  Bitcoin, introduced by Nakamoto in 2009 [26], is defined as 
proof-of-work based currency that lets users produce digital coins through computations. 
Blockchain, on the other hand, is a database that maintains the list of data records that is 
confirmed by the participants of Bitcoin, with the aim to decentralise transactions with no 
third party [41].  The upside of this technology is that the consumers have the right to receive 
an equal quantity of NRGcoin to energy, independent of its current value, and it is not 
regulated by any banks or central authority. The downside, however, is the significant 
fluctuations due to its high dependence on its community, which entices market 
speculations [25]. The new technology is still evolving, and should be improved in its 
security and privacy. It is still in the proof-of-concept stage for decentralised energy trading 
system, which heavily relies on the blockchain technology, multi-signatures, and anonymous 
encrypted messaging streams [27]. However, scalability and security are of specific concern, 




issues. Single point failure means that when there’s a failure in the middleman, it leads to 
full disturbance, lower availability, and reliability. The centralised middleman could also 
reveal patterns and predict some daily activities of the prosumer, which emphasises the lack 
of privacy and anonymity [27]. These concerns can be mitigated by the utilisation of 
Bitmessage and the blockchain technology. A blockchain is a chain of blocks that are 
chronologically ordered and is protected by solving a proof-of-work, which makes it time 
consuming and infeasible for attackers unless the attacker controls 51% of the whole network 
[28]. The technology to validate the authenticity of a transaction is Elliptic Curve Digital 
Signature Algorithm asymmetric cryptography [26]. Aitzhan and Svetinovic (2016), 
proposed a system that was also based from Bitcoin, referred to as Priwatt, to tackle the 





2.4 Battery Storage 
The challenge in improving RE reliability is in the storage of the generated energy, 
specifically in the battery technologies. In most cases, excess power produced by RE is 
usually left to dissipate as losses, although there are some cases where the energy is put back 
into the grid or even being stored in a small battery unit. In industry, it is different because 
the size of the RE technology is more significant compared to residential RE generation. The 
goal of battery energy storage for power systems is to improve the reliability and 
performance by integrating energy storage devices into the power system network [29]. 
These storage units are playing in a deregulated market of RE, which makes them have an 
important role to increase the value of renewable power. Batteries are made of stacked cells, 
where chemical energy is converted to electrical energy and vice versa. Arrangements can be 
made in series and parallel to meet the desired battery voltage [29]. It was reported that the 
batteries currently being used in power system applications are the deep—cycled cells, 
ranging from 17 to 40 Megawatt Hour (s) (MWh), and with efficiencies of 70-80% [30].  
There are multiple other reasons for the importance of battery application in power systems, 
which are to meet peak power outputs, withstand peak hour demands, and smoothing out 





There are five main types of batteries, which are: 
(1)    Lead-acid 
a.    Flooded type 
b.    Valve regulated type 
 (2)    Sodium sulphur (NaS) 
 (3)    Lithium-ion (Li-ion) 
 (4)    Metal-air 
 (5)    Flow batteries 
Lead-acid is the oldest and most established technology utilised in most power applications. 
Flow batteries, however, is seen as the better technology as it provides high power rating, 
decoupled energy rating, longer lasting, easily replaced, fast response, and can switch 
between charge and discharge in 1 ms. It can be noted that for batteries if they are in 
operation and its battery is higher than the ambient temperature, their battery life is 
significantly affected, and this across all current technologies [29].  
Earliest commercial usage of battery storage devices was found at Bewag, Germany (Figure 
5) and Edison Chino substation in Southern California (Figure 6). It was mentioned that the 
battery in use in Bewag is aimed for frequency regulation and is rated at 17 MW/14 MWh 
battery [32]. The latter is used for load levelling, rapid spinning reserve, and instantaneous 






Figure 5 Power Station at Bewag, Germany [31] 
 
 




In Canada, they have technologies of the battery using Vanadium Redox Battery (VRB) in 
their Battery Energy Storage Systems (BESS) integrating it with their wind power systems 
and found the benefits of using VRB BESS in deregulated markets [35]. It was found that 
the immediate benefit of BESS is felt in rapid and short-term applications due to their 
instant reaction to disturbances, which makes them superior to conventional synchronous 
generators [29]. This BESS is categorised into four different time-scale types: 
1.    Instantaneous applications (0 to few seconds). 
2.    Short-term applications (few seconds to minutes) 
3.    Mid-term (minutes to few hours < 5h) 
4. Long-term/multi-MWh applications (days): avoid new generation and transmission 
construction cost. 
2.5 Concluding Remarks 
Finally, this literature review has investigated the current research for RE techno-
assessment for Civmec. It was identified that many developed countries such as India, 
Sweden, Finland, USA, Germany, China, and Denmark had put renewables as their interest 
in energy generation. There was not any identified literature regarding this topic in 
Australia. However, some research was found in the Steel companies similar to Civmec. 
Furthermore, the battery technology and implementation research were found to be 
incomplete and be still evolving regarding the leading technologies. Thus, this thesis aims to 
fill the gaps in research aforementioned, with the focus on RE techno-assessment for 
Civmec. 
The current problem at Civmec in terms of power generation is that they are still 100% grid, 





3.0  Chapter Three: Methodology and Modelling 
The HOMER™ Energy software methodology for the project is described in this chapter, 
along with the input assumptions prior to the project. This chapter acts as a description on 
how HOMER™ is used to generate the model for the topic. It includes the load profile and 
both the wind and PV resource. In addition to HOMER™, other software was used in this 
project, which are the Wind Analyst software Package (WAsP™) software suite, including 
WAsP™ climate analyst, and RET Screen™. 
3.1 HOMER™ Energy software analysis 
The project optimisation is mainly based on the HOMER™ Energy software. It is a Colorado-
based company named HOMER™ Energy Limited Liability Company (LLC), established in 
2009, was developed by the National Renewable Energy Lab, part of the U.S. Department of 
Energy. To date, it has been downloaded by more than 150,000 people across 193 countries 
[43].  
The HOMER™ ® software is the global standard microgrid design optimisation tool for all 
sectors, varying from village power and island utilities to grid-connected campuses and 
military bases. It stands for Hybrid Optimisation of Multiple Electric Renewables 
(HOMER™), which works by simulating energy systems, shows system configurations and 
optimises the configuration with the target of minimising cost, and provides sensitivity 
analysis [43].  
To help with the simulations of the RE systems in this study, HOMER™ version 3.10.3 was 
chosen as the software to optimise the system configuration. In this software, the user can 
select different combinations of renewable systems, and find the lowest cost option 




The first step of the HOMER™ is inserting Civmec’s electricity load profile into the program. 
Before it can be processed the data needs to be in a format that HOMER™ can analyse.  
Table 1 Format of load data for HOMER™ 








There are two years of load profile data to be put into the HOMER™ software. Table 1 shows 
the format that is accepted by HOMER™ to process the load profile data. There will be two 
separate load profile tables to be inserted into HOMER™ indicated in Figure 7 by the two 






The electricity grid used by Civmec is commissioned by Western Power through the AMC 
compound. Civmec buys power from the AMC, but the distribution of electricity through the 
AMC is dealt by Western Power. For clarity, the grid in the software is labelled “AMC”, but 
in reality, this grid belongs to Western Power. 
 The first energy system component chosen is the advanced grid component, which 
represents the AMC grid that feeds power to meet the Civmec load.  
Figure 7 shows that users can select the components for their desired system. In this project, 
the components chosen were the grid, wind turbine, converter, PV, and storage. Each of the 
components definition steps is fully described below. 
Figure 8 shows that the rates as scheduled electricity rates. The price that was chosen was 
obtained upon consultation with Civmec 29 cents/kWh for the peak rate, and the rate is 11 
cents/kWh for off-peak. The sale capacity varies from 5,000 to 12,000 kWh, which covers 
the daily load fluctuations as seen from the load profile, the average daily load was about 
10,546.6 kWh/d. This would also limit HOMER™ to not go overboard with their estimation 
of sale capacity, as the software tends to just maximise to 999,999 kWh when left at default. 





Figure 8 Grid Component Definition 
Two electricity rates were defined, the first one being for the peak hours. As shown in Figure 
9, the rates are set as two different rates which are peak hour (0.29 $/kWh), and off-peak 
(0.11 $/kWh). The figure also shows when these rates are applicable, according to the 
colours, green (peak) being from 8am to 8pm, and red (off-peak) from 8pm to 8am.  
After that, the renewables were considered in the system. Civmec’s location was entered into 
the program, and the solar and wind resource for the simulations for this coordinate position 


















Figure 10 shows the component pricing that is utilised in the HOMER™ software. The table 
specifies each component, including the Solar PV, Inverter, Battery, and the Economic 
assumptions. Other component prices are not of interest for this project, as the specified 
pricing in Figure 10 is used for reference. 
 
Figure 11 Wind Turbine Definition 
There are three information tabs available with the wind turbine feature in HOMER™, 
which are Power Curve, Turbine Losses, and Maintenance. It is indicated in the lower part 
of Figure 11. Capacity optimisation was left to the HOMER™ Optimiser, where HOMER™ 
will find out the lowest cost capacity of the wind system. 
The wind turbine component was chosen as a 660 kW Vestas V47 wind turbine. It is based 
on all the turbine information provided by HOMER™, except the capital cost. This wind 
turbine was chosen because there are market prices on the turbine available online, and it is 




database. Note that the maximum load found in a single hour was 722.67 kW, which is one 
of the bases of component selection in this project. Online searches have pointed to a price 
of around $1.05 million per turbine [47]. In Figure 11, the optimisation searches range from 
0 to 3 turbines for the system. The range is chosen this way to define the minimum and 
maximum limits, where the minimum is no turbine at all and the maximum being a capacity 
of 1.98 MW of wind power. The number of three turbines is also chosen due to the available 
land space around the Civmec compound that could only fit 3 turbines at best. 
 
Figure 12 Market trend of inverter prices 
Similar to the wind turbine, a converter was also chosen from the component tab. The 
converter price was obtained from plotting different typical prices of inverters, getting the 
line of best fit, and finding the price per kW average for a standard inverter currently 
available in the market (Figure 12). 
The average standard price was found to be $317.72, which was entered in HOMER™ Pro 
as the converter price, shown in Figure 13. 
























Figure 13 Converter (inverter) definition 
 





Next, a PV system was chosen. The chosen panel for the system was the LG 
Electronics390LG390N2K-A5, a flat type thin film panel that is 13% efficient, with an 
operating temperature of 45.5 °C, temperature derating coefficient of -0.3, and a rated 
capacity of 1 MW. The costs that are associated with this PV system is based on the paper by 
Jamal et al. (2016), where detailed per kW pricing of a remote area PV-diesel hybrid system 
is considered [44]. Capacity optimisation was left to the software in a search space of 0, 




Figure 15 Market trend of battery prices [46] 
The battery price is estimated by correlating many current market prices of battery and 
evaluating it by fitting a line and forecast for this specific battery bank size, shown in Figure 
15. 

























Figure 16 Battery storage definition 
As shown in Figure 16 above, a battery is also considered for the system, and the NEC DSS 
255 kWh 554 kW lithium-ion battery was chosen. The battery is selected to shoulder the 
loads at any given time on the basis of meeting the maximum hourly load of 722.67 kW. 
Thus, the selected size can provide 720V DC. Ideally, this battery would be sufficient to 






Figure 17  Market trend of PV system prices from the Clean Energy Council (CEC) [45] 
Figure 17 shows the pattern of the PV system sizes installed with grid-connection [45]. It is 
from the CEC and is used as a benchmark on how much a grid-connected PV system would 
cost. 
After all the components are chosen, the optimisation is conducted by HOMER™, which will 
suggest the most economical option for the user and along with the details of that system, 
including the ratings, and cost of the system. An advantage of using the HOMER™ software 
is the detailed information that also includes the net present cost (NPC), and capital costs so 
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3.2 Modelling Assumptions and Data Analysis 
The HOMERTM software relies heavily on the accuracy of its inputs, and the critical parts 
such as the load profile, wind, and solar data have to be analysed prior to inserting into 
HOMER™. The following sections will provide some insight on how the inputs for the 
software are chosen and the rationale behind choosing them. 
3.2.1 Load Profile  
The first step of designing an RE system is to look at the load profile. This is done to get an 
understanding of the target loads that the renewables have to meet regarding power 
generation. Load data was given by Civmec, which were hourly readings dated from 12 am 
March 2nd, 2015 to 11 pm February 28th, 2017. The data were obtained straight from Civmec’s 
meter with a meter tag of Civmec Sub-Meter-P043a. The given load energy data was in units 
of kWh rounded up to the nearest kWh for presumably every hourly reading. There was a 
total of 17,521 valid data points with 694 data points found to be missing. The missing data 
points correspond to the months of April and July of 2015, and January, March and August 
of 2016, and have been replaced by zero value. It does affect the data slightly, as zero values 
would lower the average down. This is also the approach that HOMER™ does in its load 
profile analysis, which is followed for consistency purposes. Thus, the data recovery rate was 
found to be 96.04%, for detailed calculations see appendix 1.  
The data was then processed to find hourly averaged load data. The data were also grouped 
by month, and then by season to generate the diurnal load profile in an attempt of seeing 





The processed load data was then inserted into HOMER™ in two separate EXCEL.csv files, 
that provides information of the hourly data for two years (i.e. two different .csv files, each 
with 8760 points). The alternative was to average out the two-year data, but that approach 
will sacrifice some accuracy and the detailed information. The data was inserted separately 
so that the user can get detailed information about each of the year’s load profile, and the 
fact that HOMER™ will process the data as one of their simulations.  
HOMER™ Pro software also shows the load profile analysis done by the software, which can 
be seen in detail in Appendix 2. 
In the inputs of the techno-economic assessments, HOMER™ utilises databases from NASA 
and National Renewable Energy Laboratory (NREL). Note that the data HOMER™ uses is 
location-based. Thus Civmec’s latitude and longitude were entered, and the online database 
for the corresponding wind and solar resource provided the required numbers for 







3.2.2 Wind resource  
 
HOMER™ utilises the online data from its own database. For the wind resource, after the 
coordinates of the site are specified, they can go to the resources tab and click the wind icon. 
This brings up the wind resource, where the user can enter monthly averages from 
HOMER™’s database. The altitude above sea level and anemometer height can be specified, 
but in this case, they were left as the default values, 0 m and 50 m respectively. It was because 
the anemometer on site is close to 0 m, and 50 m is chosen because a turbine at this tower 
height was considered a sensible size of turbine. 
Aside from the available online data, the author was also given 4-year wind data from the 
Australian Marine Complex. In this project, this data was compared to the data HOMER™ 
used. 
The wind resource given in the data was from an anemometer that is 3.5 above ground level 
(a.g.l.) located in the AMC indicated by the red circle in Figure 18.  
 





The anemometer is close to the coast, which is the ideal location for implementing a wind 
turbine due to the low obstructions and strong coastal wind speeds. 
The wind data itself was provided through an Excel spreadsheet, 5-minute readings from 
11:20 am October 14th, 2014 to 11:55 pm March 14th, 2017. The international standard for 
averaging wind speeds is 10-minute readings. 5-minute records still lie within the wind 
spectral gap. A spectral gap is where the standard deviation of the readings records the 
turbulence of the wind and the mean of the readings registers the slower changes in the wind 
speed [49]. 
In the Excel spreadsheet, the data provided were columns of the wind speed (km/h), wind 
direction (degrees), wind gusts, relative humidity (%), air temperature (°C), rain gauge 
(mm), and barometric pressure (hPa). The data to be considered are only of the columns of 
wind speed and wind direction. It is because the software package was chosen for processing 
the wind data, WAsP™ Climate Analyst, only requires these two inputs. WAsP™ Climate 
Analyst requires the Excel spreadsheet to be filtered and formatted correctly. The filtering 
process is to remove bad data. Developed by the Technical University of Denmark (TUD), 
the WAsP™ software suite is one of the critical tools currently used by the wind industry for 
wind resource assessment and wind farm planning [48]. 
After the data is filtered, a plot of a diurnal wind speed profile by season was generated to 
show the wind resource throughout the day at the specified location. Through this wind 






3.2.2.1 WAsP™ Data Process 
This section will provide the steps taken by the WAsP™ software. The software that is used 
for this project is part of the WAsP™ software suite, which was the WAsP™ Climate Analyst 
and WAsP™ 11. As mentioned in the previous section, the data has to be in the format shown 
in Table 2: 
Table 2 WAsP™ Climate Analyst Data Format 
Date Time Wind Speed Wind Direction 
dd-mm-yyyy hh:mm:ss 12.3 123.4 
 
WAsP™ Climate Analyst also requires the data to be continuous, in the sense that there 
should be no empty rows of the spreadsheet that is to be processed. The total data points 
that were prepared were 60,509 data points.  
After the data is entered to WAsP™, a generation report is obtained. The wind speed data 
collected from the anemometer is in km/h, which is to be converted into m/s through 
WAsP™ Climate Analyst. In this case, the user has to enter 0.277777778 as it is the 
conversion rate from km/h to m/s. WAsP™ Climate Analyst also requires the user to provide 
a calm threshold number. After the data was obtained, WAsP™ Climate Analyst can generate 
an Observed Wind Climate (OWC) and an Observed Extreme Wind Climate (OEWC) report. 
After the OWC and OEWC are inserted, a 1 MW wind turbine is selected, and the power 
generation curve of that wind turbine was obtained. The wind turbine is set at a hub-height 
of 50m. It is critical to get this power curve as it shows the wind power generation, which is 
exported to the Excel spreadsheet. 
After the wind speeds report from WAsP™ Climate Analyst was obtained, it was compared 




done was through the logarithmic rule of extrapolating wind speed [50]: 
Equation 1 Logarithmic Rule of Extrapolating Wind Speed 








where u(Z) is wind speed to be calculated at height Z 
 u(Zr) is wind speed at reference height Zr 
 Z is height at above ground level  
 Zr is reference height at above ground level 
 Zo is roughness length in the current wind direction 
 
Then, a polynomial was fitted to the power curve, to obtain power generation at any given 
wind speeds. The polynomial equation is as follows: 
Equation 2 Fitted Power Curve Polynomial Equation 
y = -0.0015x3 + 0.0426x2 - 0.2637x + 0.5031 
Thus, through Equation 2 the extrapolated wind speed values from the previous step, wind 
power generation values were obtained. Because earlier the wind speed was already 
summarised in diurnal profiles by season, similar power generation diurnal profiles are 
easily achieved and compared with the load profile to contrast the power consumed with 






3.2.3 PV techno-economic assessment 
A roof assessment of the buildings in Civmec compound was done to assess the available 
roof space for a PV system. The following section describes the steps taken to estimate the 
roof sizes. 
3.2.3.1 Roof Sizing 
There are four main buildings in Civmec compound, which are shown in Figure 19 below. 
 
 
Figure 19 Satellite view of the proposed site 
The four buildings consist of the admin building, small storage building, main fabrication 
workshop, and sandblasting and paint shop. The main fabrication workshop handles the 
day-to-day fabrication jobs for Civmec. The products from the main fabrication workshop 




building stores either some fabricated products, or acts as a general storage site. 
The site specifications are shown below: 
3.2.3.1.1 Site specifications 
Location Address: 16 Nautical Drive, Henderson WA 6166 
Total Roof Area: 44,300.52 m2  
Climate Zone: Temperate (Australian Bureau of Meteorology), 5C Cool- Marine 
(RET Screen™) 
Coordinate Location: Latitude -32.16 S and Longitude 115.77 E 
The total roof area is calculated through the scaling of the measurements from the floor 
plans. The scaling factor was 1:100 where 1 cm represents 100 m. After the floor plan was 
measured and values scaled to their actual size, the area is found by breaking the shapes 





3.2.3.1.2 Site Floor Plans 
 
Figure 20 Admin Building 
The first building in consideration is the admin building (labelled 1 in Figure 19) where the 
roof area consists of a trapezoid, two same-sided triangles, and two right angle triangles 
(Figure 20). there is a rectangle labelled existing office, and from the satellite view in Figure 
20, the area is currently occupied by some HVAC units. Hence the total roof area is obtained 
by summing up the triangles and trapezoid and removing the area of the existing office 





Figure 21 Small Storage Building 
The second structure (labelled 2 in Figure 19), which happens to be the smallest building in 
the compound has a rectangular roof (Figure 21). The roof area was found to be 1,250.2 m2.  
The calculations show that there is substantial roof space for PV systems in Civmec’s 
compound, equating to a total of 44,300.52 m2. 
 
Table 3 shows the statistics on the proportion of roof that can be used for a PV system. There 
are varying numbers, between 15% (Japan) to 65% (USA). This would mean that for the main 














The third building being considered is the main fabrication workshop (labelled 3 in Figure 
19), which is significantly larger than the other three buildings in Civmec compound. In 
obtaining the roof area for this structure, the shape of a rectangle is considered, and the total 
roof area of this building is calculated to be 35,550 m2 (Figure 22). 
 
Figure 23 Paint Shop 
The final building is the sandblasting and paint shop (labelled 4 in Figure 19), which is also 
estimated using a rectangular shape. In this structure, the roof area was found to be 6,391 
m2 (Figure 23).  
3.2.3.2 Solar Data 
The database used is the solar data from NASA [12]. Similar to the Wind Data, HOMER™ 
utilises an online database, from the NREL, which in extension also uses the same solar data 





irradiance, and direct normal irradiance data. For this project, only the former is used.  
The solar data is divided into different months, along with the clearness index for each of 
the corresponding months.  
Alternatively, there is also a spreadsheet with Perth solar data provided by the former 
Australian and New Zealand Solar Energy Society (ANZSES) [52]. In the approach to the 
design of this project, RET Screen™ was also used to obtain the NASA solar data, which was 
the same database used by HOMER™, and data from RET Screen™ was used as a 
‘benchmark’ to convert the ANZES data to Civmec’s specific location. The data from RET 
Screen™ only accounts for the monthly averaged insolation values and an annual average, 
as shown in Figure 24.   
 
Figure 24 Daily Solar Irradiation Obtained from NASA POWER 
The data from the ANZSES spreadsheet is generalised for Perth and has diurnal irradiance 
profile for the different months. The first step that is converting the ANZSES data so that it 



































4.0 Chapter Four: Results 
In this chapter, the results of the HOMER™ optimisation for cost and performance is shown. 
This includes the systems from a choice of Wind-only, PV-only, PV-battery, and PV-Wind-
Battery. Each heading investigates the cost summary, project economics, electrical 
generation analysis, and the system details (which covers wind turbines for the wind system, 
solar panels and inverters for PV system, and also batteries in the battery system). 
 





4.1 HOMER™ Optimisation Results 
 
 




HOMER™ simulated 10,368 possible calculations of the different systems, of which 4 cases 
of various system configurations are considered. The outputs are shown in Figures 32 to 44. 
These cases are chosen as the best-case for each of the system configuration. The definition 
of a best-case is in the criteria of matching the load at any given time, the project economics 
being viable, and excellent system performance (e.g. electrical generation). 
Tables from 4 to 7 show the best –case scenario for different system configurations. For more 
detailed HOMER™ output all of the cases, see Appendix 3 HOMER™ Simulation Results 
for Each System Configuration. 
 


















Wind-Grid   2                    10,000    CC 
Wind-Battery 
Grid 
  2 1                  10,000                50  CC 
PV-Wind-Grid            1,000  2                    10,000                50  CC 
PV-Wind-
Battery-Grid 
           1,000  2 1                  10,000                50  CC 
Grid only                        10,000    CC 
Battery-Grid     1                  10,000                50  CC 
Solar-Grid            1,000                       10,000                50  CC 
Solar-Battery-
Grid 























Wind-Grid  $         0.12  
 $  
12,299,900.0  
 $      
789,582.70  
 $  
2,092,559.00  
        51.27    
Wind-Battery Grid  $         0.12  
 $  
13,212,000.0  
 $      
790,500.40  
 $  
2,992,788.00  
        51.27    
PV-Wind-Grid  $         0.13  
 $  
13,631,990.0  
 $      
786,813.90  
 $  
3,460,445.00  
        51.67  
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14,492,020.0  
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0.23  
 $  
21,168,440.0  
 $  
1,567,835.00  
 $      
900,229.20  
          0.00    
Solar-Grid 
 $         
0.23  
 $  
21,632,940.0  
 $  1,567,591.00  
 $  
1,367,886.00  
          0.07  
 $  
1,352,000.00  
Solar-Battery-Grid 
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0.24  
 $  
22,517,030.0  
 $  1,567,571.00  
 $  
2,252,229.00  
          0.08  
 $  
1,352,000.00  























Wind-Grid   
 $  
2,092,559.0
0  
           
4,237,248  
 $          
1,000.00  
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0  
           
4,237,248  
 $          
1,000.00  
          0.31                   255.00  
PV-Wind-Grid    2,206,731  
 $  
2,092,559.0
0  
           
4,237,248  
 $          
1,000.00  
    
PV-Wind-
Battery-Grid 
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 $  
2,092,559.0
0  
           
4,237,248  
 $          
1,000.00  
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Solar-Grid    2,206,731            
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4,027,677  
PV-Wind-Grid              7.51  
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4,023,058  
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7,234,200  
Battery-Grid              0.03  
           
7,234,200  
Solar-Grid              0.60  
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5.0 Chapter Five: Analysis and Discussion 
5.1 HOMER™ Optimisation Results 
From table three there are a range of selection of the four systems, wind only, PV-only, PV-
battery, and PV-wind-battery. These systems are all grid-connected and are thoroughly 
discussed below. 
 
5.1.1 Wind Only 
The wind only system consists of three Vestas V47 wind turbines, each rated at 660 kW, and 
is connected to the AMC Grid. The initial cost of the system is $ 3,138,837.84. The system 
produces a mean output of 726 kW, has a capacity factor of 36.6%, and an annual production 
of 6,355,871 kWh/year. The system is broken down to 65.4% wind, and 34.6% grid.  
 
5.1.2 PV Only  
The second system under consideration is the PV the only system, consists of a 1-MW PV 
system made up of 2565 LG Electronics LG390N2k-A5 PV panels and the SMA America STP 
60-US-10 (480 VAC) inverter. The total initial costs of the system are $1,367,886, which is 
broken down to 98.84% for panels, and the rest for the inverter. The PV system has a mean 
output of 252 kW or 6.046 kWh/d, with a capacity factor of 25.2%. It is broken down to 
23.4% PV, and 76.6% grid, with an annual PV production of 2,206,731 kWh per year. The 





5.1.3 PV Battery 
The third system is the combination of PV-battery. The PV system is identical to the PV only 
system, except that in this configuration a battery is introduced along with the PV panels, 
and inverters. The battery chosen is the NEC DSS 255 kWh 554 kW. The total initial costs 
are higher than PV only, for this system is $2,252,229.18 with the cost breakdown to be 
60.03% panels, 39.27% battery, and 0.7% inverter. In terms of performance of the panels, it 
is identical to ones from the previous section. The battery however, consists of a single 
battery, with a bus voltage of 720 V, the autonomy of 0.309 hr, the nominal capacity of 255 
kWh, and an expected life of 15 years. All the numbers of annual production are the same as 
the previous section. 
 
5.1.4 PV Wind Battery 
The final system is PV-wind-battery. It consists of all the same components from the 
previous three arrangements, only it combines every part together. Thus, this method 
suggested a 1 MW PV system, 3 660 kW wind turbines, and a single battery. The total initial 
cost is $5,391,067.02, significantly higher than expected.  
The total annual electricity production by renewables is 8,562,602 kWh/yr., with the break 
down explained in Figure 27. The wind contributes to most of the electricity produced (53%). 
The facility still relies on the grid for 28%, and 19% of its power is generated by PV. The 






Figure 27 Electricity production breakdown of the hybrid system 
As part of the analysis, and way of validating results from HOMER™, alternative methods 
of processing the data is done. These methods include Excel spreadsheet analysis, economic 













5.2 Outputs Discussion 
This section will explore and compare the HOMER™ findings with the analysis done from 
other software such as Excel spreadsheet, WAsP™, and Ret Screen™. 
5.2.1 Load Profile Analysis 
 
HOMER™ has produced its own load profile analysis as shown in Appendix 2. As an 
alternative, however, some simple spreadsheet analysis of the provided load data has been 
done in Excel and is thoroughly described below. 
 
Figure 28 Civmec Load Profile Analysis from 2015-2016 
In Figure 28 there is a similar load trend across all the seasons, although during spring and 
summer their load is significantly less opposed to the other two seasons. It is especially true 































Hourly Averages by Season





relatively similar for hours with peak hours found between 8 am to 12 pm across all seasons. 
Peak load is found during summer at 11 am with a load of 722.67 kW. 
The spreadsheet analysis shows that across the season there is a similar trend of the load 
when their peak hour load and base load are running. Similarly, in HOMER™ we can see 
that for the different months the pattern of their hourly load also identifies their peak and 
off-peak hours, which is shown in Figures 29 and 30.  
 





Figure 30 Plot of diurnal load profile (March 2016 to March 2017) 
Table 8 represents the statistical analysis of the seasonal load profile. This was done to give 
a necessary foundation for the load analysis. The highest load was during summer with 
722.67 kW, as can be seen in figure 42 earlier. Coincidentally, summer has the lowest 
recorded load as well, at 195.25 kW. It may be explained due to low loads during the 
shutdown period of Civmec during the Christmas/New year break, and high loads when the 
manufacturing processes resume. Winter load has a similar peak with 717.91 kW. Autumn 
has the lowest IQR, with the second highest average load of 489.52 kW. It suggests that the 
load stays reasonably constant during fall, which can be supported by having the lowest 






Table 8 Statistical Analysis of Load Profile 
Statistical Analysis of Load Profile 
 Autumn Winter Spring Summer Overall 
Min 229.49 273.12 227.55 195.23 195.23 
Max 696.85 717.91 668.31 722.67 722.67 
Range 467.36 444.78 440.76 527.44 527.44 
Average 489.52 507.89 437.87 459.27 507.89 
IQR 207.44 219.40 299.24 297.88 88.47 
Median 477.65 482.02 370.99 397.79 437.72 
Standard 
Deviation 
128.26 134.26 145.05 157.22 11.04 
Variance 16451.78 18025.36 21040.61 24719.66 9958254.73 
 
In comparison with the statistical analysis from HOMER™, it was identified in Figure 11 the 
average load is 439.44 kW, and 386.38 kW in Figure 12. It is slightly lower than the number 
found in Table 7. In the spreadsheet, the missing points are omitted, whereas in HOMER™ 
it was replaced by zeros. The latter approach would bring the average down, which suggests 
the spreadsheet approach is required and is more accurate. Similarly, in the identification of 
peak loads, HOMER™ identifies the peak as 999 kW, and the spreadsheet suggests it is 
722.67 kW.  
In the comparison of the two approaches, it shows that while HOMER™ does generate 
proper load profiling, it is not as reliable as doing the analysis through an Excel spreadsheet. 
The former method does require significantly less time, at the expense of some accuracy.  
5.2.2 Wind Energy Analysis 




is a significant amount of available data from the anemometer on site from the AMC.  
Figure 31 shows that the highest wind speeds are found through summer of all the years and 
the lowest being during autumn. It also suggests that the wind speed throughout the year of 
2015 is the weakest in all the years. The trend shows that the peak wind speeds are found 
during summer, with trends increasing from autumn through summer. 
 
Figure 31 Yearly Seasonal Wind Speed Averages 
As seen in Figure 32, the wind speeds at a hub height of 50 m are high during the spring and 
summer months. The trends are similar for all seasons except for winter, where it can be 
seen that the wind resource is relatively constant throughout the day. Wind speeds are found 
to be weak in the early hours of the morning, which shows a decreasing trend from 7 pm to 
5 am. In contrast, stronger wind speeds are evident from 6 am to 6 pm throughout all 
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Figure 33 Power Curve of two Wind turbines with their corresponding polynomial line of best fit 
Figure 33 shows the power curve of two wind turbines with the blue graph showing the 
WECS 1MW turbine output, and orange for the Bonus 300 kW MK III turbine. A polynomial 
is fitted to these two charts, and their equation and R2 value are shown in Figure 33. The 
1MW turbine have the much higher outputs from wind speeds of 5 m/s onwards. 
 
y = -0.0015x3 + 0.0426x2 - 0.2637x + 0.5031
R² = 0.9997
























Power Curve of WECS 1MW and Bonus 300 kW






Figure 34 Wind turbine power generation by season 
Figure 34 shows the wind turbine power generation on each hour by season. It corresponds 
to the power generated through relating Figure 33’s power curve with the wind speed at hub 
height shown in Figure 32. As a result, the trends are very much identical to Figure 32, but 
Figure 34 above puts it in a better context. The wind turbine produces a peak output of 
958.95 kW at 4 pm during summer. The power outputs are at worst 79.92 kW at 6pm during 
autumn. 
Comparing to the HOMER™ system wind resource, it is not as detailed of assessment. It was 
initially planned that wind systems are simulated through the WAsP™ software, but due to 
software issues, it was abandoned. While it is not as detailed, it does provide data from a 10-
























Power Generated WECS 1MW by Season





Figure 35 HOMER™ wind resource 
The wind speed trend in Figure 35 shows the wind resource at 50 m is relatively constant 
throughout the months of the year. It shows the annual average is at 7.48 m/s by 
extrapolating the data to a hub height of 50 m, which is supported by the findings of the 
spreadsheet analysis, having similar wind speed averages. The spreadsheet also provides 








5.2.3 PV techno-economic assessment 
 
 
Figure 36 Solar Resource at the specified location by season 
Figure 36 shows the solar irradiance values specific to Civmec’s location across the different 
seasons. The solar resource is significantly less during winter, with lower irradiance values 
and 1 hour less of sunshine. Autumn and spring trends have similar irradiance values. 
However, as expected, the solar resource is the most during summer as indicated in Figure 
36. The plot is obtained by adjusting the ANZSES spreadsheet values to Civmec’s location 
by entering its latitude and longitude. The area under the graph from Figure 36 would give 



























Solar Irradiance by season





Figure 37 HOMER™ Solar resource 
The solar resource from the online database in HOMERTM shows the monthly profile of daily 
radiation along with the clearness index in the specified location (Figure 37). The two 
approaches (ANZSES spreadsheet versus HOMERTM) provide similar metrics in the solar 
resource. However, the spreadsheet has again provided more depth and clarity. The 
spreadsheet also models the diurnal solar generation. 
The approach that was taken in validating the HOMER™ data has provided some strengths 
and weaknesses of HOMER™, particularly in summarising the renewable energy resource. 
The extra detail from the direct analysis of measured data helps in achieving the project 
objective of undertaking the RE technology assessment. Recall that another aim of this 







5.3 Project Economics 
5.3.1 Wind Only 
Appendix 3 gives the cost summary of the wind system from HOMER™. It shows that the 
system will cost $3,138,837.84 with a replacement cost of $9,564.22, and O&M of 
$19,391.27. Appendix 3 also shows the system present worth of $ 10,259,840, annual worth 
of $961,129, 33% return on investment, and 3.03 years of simple payback, as indicated in 
Figure 44.  
 
5.3.2 PV Only 
For the second system in consideration, the cost of a 1 MW PV-only system is $1,367,886, 
with a small portion of that cost being for the inverter, as shown in Appendix 3. HOMER™ 
did not generate the required economic feasibility analysis, hence, for this case, another 
approach was used, with the utilisation of the feasibility software RET Screen™.  
Figures 38 and 39 show the economic analysis of a 1 MW system similarly simulated to 
match HOMER™’s inputs. It shows that the total initial cost is $1,351,986. It is an 
encouraging sign as both software suggested similar initial cost. RET Screen™ shows that 
the 1 MW system will save $319,998 annually. The simple payback of the system is 4.2 years, 





Figure 38 RET Screen™ financial analysis 
 






5.3.3 PV Battery 
The total initial cost is expected to be $2,252,229.18, with most of the cost being for the 
panels (60%), and battery (25%). Similar to the previous system, HOMER™ did not provide 
a significant PV project economics. It is also quite unfortunate that RET Screen™ does not 
model batteries in the simulations. The PV system, however, is identical to one of the 
previous configuration, the total initial cost for the system can be speculated to be 
$2,236,329.18 (combination of RET Screen™ PV and HOMER™ battery prices). While this 
is not the most reliable way, it shows that the system economics is calculated similarly from 
both software. Annual savings and simple payback for this system cannot be found due to 
lack of ability of both software providing the required economic feasibility study. Reasons 
for this is because the battery technology has not been developed yet with the PV technology, 
and the market being volatile and is yet to be modelled in both software. 
Civmec operates with heavy engineering equipment, and the continuous charge and 
discharge cycles of the batteries could be a thermal issue over time, which can lead to safety 
concerns. 
5.3.4 PV Wind Battery 
Lastly, the hybrid system project economics is analysed. As shown in Appendix 3, the total 






Figure 40 Cost breakdown of PV-Wind-Battery system 
The wind turbine takes up most of the cost (58%), while the panels take up a quarter of the 
cost, followed by the battery with 17%. The cost of the inverter is considered relatively small, 
almost negligible. The economics of this system (Appendix 3) is that its present worth is 
$8,117,600, with an annual worth of $760,447. The return on investment is 19.4% with a 
simple payback period of 5.15 yr.  
Linking back to the literature review, after the analysis of the RE techno-economic 
assessment in Civmec, there is a need implementing an RE system. The cost ranges and the 
most feasible option seems to be the PV-only system. Many reasons contribute to this, which 
includes lowest initial cost over the alternatives, the size of 1 MW is a size that is commonly 
used, as the Cockburn ARC building has recently implemented such a system, validated the 
economic model using RET Screen™ software, and a simple payback of 4.2 years. 
Another point to link back is the grid sell back scheme. In the current energy market, Civmec 
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Civmec compound belongs to AMC, and thus Civmec is not in a position to sell their 
electricity back to Synergy. It is possible that in future, Civmec may be able to sell excess 
power generation to AMC or other AMC tenants. This kind of peer-to-peer blockchain 
trading scheme, however, has not yet implemented, and not market tested. 
Table 9 Key Economic Feasibility Findings 
System 
Configuration 





Wind Only  $      263,332.00   $  3,318,837.84  33% 3.03 
PV Only  $      319,998.00   $  1,367,886.00  25.90% 4.2 
PV Battery  $                       -     $  2,252,229.18  - - 
PV Wind 
Battery 
-$ 4,021,150.00   $  5,391,067.02   19.4% 5.15 
 
Table 9 summarises the critical economic findings for each system configuration. In the case 
of PV-battery, the NPV and return on investment are not obtained due to limited software 
ability to estimate these two parameters. The NPV for PV Wind battery is shown as a negative 





5.4 Limitations of the study 
Some hurdles limited the scope and results in achieving the models that were simulated. It 
is around the load profile, wind data, solar data, HOMER™ software assumptions, and the 
general assumptions undertaken in doing this project.  
The data of the load is limited to the two years of Civmec’s hourly meter readings, which in 
any research study more extended data is preferable, and the load is specific to Civmec’s 
needs. One of the key things learnt in this project is that the load is dependent on the size of 
the project that Civmec have at one time. It can be difficult to predict when Civmec will have 
a significant amount of work and when they don’t have many projects.  The data itself is also 
limited to the one total meter reading, not spread over the buildings, which does not give a 
better understanding of the consumption densities of the compound. The wind data that was 
used in this project was from the AMC, that was 5-minute readings across the past four-year 
period. Albeit the data is very recent, the preferred method is to use longer-term data in the 
scale of 10-minute readings, which is in accordance with the international wind monitoring 
standards. Solar data obtained was heavily reliant on the online database from NASA. The 
data itself is long term. However, detailed information on how they came about to those 
numbers is not available to the public, only the time frame of the data itself is available. 
Finally, HOMER™ assumptions were taken from the literature, and the market data (i.e. for 
component prices) that fluctuates over time. The same can be said with the assumptions 
considered in this project, where renewables were limited to the combination of PV, battery, 
and wind, and the component sizes are each user-defined, designing it as per the load profile. 
Thus it is difficult to compare from one to the following years. Finally, there was limited 
software ability to estimate the economics of a system with a battery. Hence it limits the 





6.0 Chapter Six: Conclusion 
The objective of this project was to investigate the integration of RE for Civmec, specifically 
by performing a techno-economic assessment of the integration of the RE technologies into 
Civmec’s operations. 
Based on the findings, and in light of the limitations of this project, there are four different 
system configurations that have been recommended and tested using the HOMER™, RET 
Screen™, and WAsP™ Climate Analyst software packages. These systems were wind only, 
PV-only, PV battery, and PV wind battery system, and all systems were analysed using the 
HOMER™ software. However, a system that consists of PV-only has been recommended for 
the integration of RE technologies in Civmec.  
The PV-only system consists of 2565 solar panels, and inverters that are grid-connected, 
which has an initial cost of $1,367,886 and is expected to be paid back within 4.2 years. A 
similar 1MW system has been already used by the Cockburn ARC building. This system also 
has the lowest initial cost and a reasonable payback period. 
That being said, the other three configurations are also economically feasible, although there 
are safety and economic concerns that decided that in the end, these arrangements are not 
the best for Civmec, based on the analysis. The safety concern is such that a large battery, 
especially lithium ion has some heating problems through continuous charge and discharge 
cycles. Furthermore, Civmec has engineering equipment with high temperatures that could 
compound the problem should an accident with the battery storage happens. The economic 
concerns are such initial costs for the other systems being much higher than the PV-only 
system, and the NPV is best in this system as well. Therefore, the final recommendation is a 
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Appendix 1 Data Recovery Calculation 
Given numbers: 
Total data = 17,521 
Missing data = 694 
 
𝐷𝑎𝑡𝑎 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑅𝑎𝑡𝑒 (%) =
𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎 − 𝑚𝑖𝑠𝑠𝑖𝑛𝑔 𝑑𝑎𝑡𝑎
𝑡𝑜𝑡𝑎𝑙 𝑑𝑎𝑡𝑎
× 100% 




𝐷𝑎𝑡𝑎 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑅𝑎𝑡𝑒 (%) = 96.03904 % ≈ 96.04 % 
Appendix 2 HOMER™ Load Profile graphs 
Figures 41 and 42 show the processed load profile from March 2015 to March 2017.  
HOMER™ produces the daily, seasonal, and yearly pattern. The corresponding data is then 







Figure 41 Load profile from March 2015 to March 2016 
 




Appendix 3 HOMER™ Simulation Results for Each System Configuration 
Wind Only 
 






















PV Only  
 


































PV Wind Battery 
 











Figure 55 PV wind battery electrical generation 
